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STEREOSCOPIC IMAGE DISPLAY APPARATUS 

RELATED APPI*ICATION DATA 

This application claims priority to Japanese Patent 
5 Application JP 2000-358207, and the disclosure of that 

application is incorporated herein by reference to the extent 
permitted by law. 

BACKGROUND OF THB INVENTION 

10 1. Field of the Invention 

The present invention relates to a stereoscopic image 
display apparatus for displaying a stereoscopic image. 

2- Description of the Related Art 

15 Various kinds of display apparatus for displaying 

planar images (two-dimensional images) by radiating light 
have hitherto been put to practical use. For example, a 
liquid crystal panel and a digital micro-mirror device (DMD) 
have been used as a spatial modulator for modulating light 

20 to be projected according to a planar image to be displayed 
in such a display apparatus. 

Moreover, research and development of diffraction 
gratings that can freely be driven by micro-machines have been 
25 proceeding in recent years. Bloom et al (U.S, Pat. No. 
5,311,360) discloses a display apparatus using such a 
diffraction grating as a spatial modulator for modulating 
light to be projected. 
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A micro -machine type diffraction grating uaed as a 
spatial modulator is generally called a Grating Light Valve 
(GLV) , GLVs have features allowing them to be operated at 
a higher speed and can be manufactured at a lower coat by using 
5 various semiconductor manufacturing techniques compared to 
liquid crystal panels and DMDs that have hitherto been used 
as a spatial modulator. 

Accordingly, it is expected that a display apparatus 
10 can display a clear and bright image without any discontinuity 
and can be realized at a low cost when the display apparatus 
is configured by the use of the glv, 

On the other hand, as for display apparatuses for 
15 displaying stereoscopic images (three-dimensional images), 
Chough the display apparatuses have hitherto been realized 
by the use of various systems, many of them have various 
restrictions such that visual fields are limited within 
narrow ranges or that special glasses are needed to see, and 
20 they have not been put to full-scale practical use yet. 

Accordingly, various technologies making it possible 
to display stereoscopic images in real time by the use of 
various hologram techniques have been proposed in recent 
25 years- As an example of such proposals, there is a display 
apparatus (U.S. Pat. No. 5,172,251) that uses acousto-optic 
devices controlled by a computer apparatus or the like as 
one -dimensional hologram devices (hereafter called computer 
generated hologram (CGH) ) and displays stereoscopic images 
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by scaxuiing one -dimensional stereoscopic images generated by 
the CGH in horizontal directions and vertical directions. 

SUMMARY OF THE XNVENTXON 

5 V?here stereoscopic images are displayed by the use of 

acousto-optic devices in the way described above, for example, 
the acousto-optic devices are used as one -dimensional 
hologram devices by creating a refractive index distribution 
by the input of ultrasonic waves according to displaying 

10 images. However, the displayed images may be distorted as 
if the displayed image is flowing due to the nature of the 
ultrasonic waves to be traveling waves . Accordingly, it is 
necessary to correct the ^'flowing" distortion of displayed 
images by the use of, for example, a polygon mirror or a 

15 galvano-mirror . In this case, problems presented include 
the whole structure of the display apparatus being 
complicated and the need to adjust the timing of the 
correction to be extremely accurate lest time lags will be 
generated . 

20 

Moreover, devices other than the acousto-optic devices 
are difficult to use as a spatial modulator that can operate 
at a high speed and perform modulation with an abundant amount 
of information to display stereoscopic images. Further, 
25 conventional acousto-optic devices are expensive and high 
voltages are necessary to drive them. 

An enormous amount of information is required for 
displaying stereoscopic images because it is necessary to 
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display precise information in three-dimensional directions. 
It is not practical to control such enormous amount of 
information with conventional devices. Moreover, because 
the amount of information to display a stereoscopic image 
5 increases by leaps and bounds as the sizes of the images to 
be displayed become large, display of a large size 
stereoscopic images becomes very difficult. Also, in the 
case where stereoscopic images are displayed as moving 
picture in real time, the necessary amoxint of information 
10 further jumps up by leaps and bounds and it is necessary to 
process an enormous amount of information at extremely high 
speed. 

Although various kinds of display apparatuses for 
15 displaying stereoscopic images have hitherto been proposed, 
such display apparatuses have many problems, such as those 
mentioned above, and are not put to practical use yec. 

The present invention is made in consideration of the 
20 aforesaid situation and problems. It is desired to provide 
a stereoscopic image display apparatus capable of displaying 
stereoscopic images at a higher speed and with a simpler 
structure than can be manufactured at a lower cost . 

25 According to one embodiment of the present invention, 

a. sterQQscopic image display appaarat-us comprises a light 
source radiating light of a wavelength in a predetermined 
wavelength range a one -dimensional spatial modulator 
including one-dimensionally arrayed elements that are 
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independently driven to generate an arbitrary phase 
distribution, and a scan unit scanning the light from the 
light source to a predetermined direction, the light having 
entered into the one-ditnensional spatial modulator and having 
5 been modulated therein. 

The stereoscopic image display apparatus according to 
the present embodiment uses the one -dimensional spatiial 
modulator including the independently driven elements as a 
spatial modulator for modulating light to be projected. 
Because such a one -dimensional spatial modulator may be 
operated at an extremely high speed, stereoscopic images may 
be displayed based on a sufficiently abimdant amount of 
information. Moreover, because the stereoscopic image 
display apparatus displays stereoscopic images by the use of 
light modulated by the one-dimensional spatial modulator, the 
overall structure of the apparatus may be simplified, and the 
manufacturing cost thereof may be lowered. Moreover, the 
apparatus may express a stereoscopic effect without any 
special equipment such as special glasses to view 
stereoscopic image. 

Moreover, the stereoscopic image display apparatus of 
the present embodiment displays stereoscopic images by 
25 scanning and radiating the light modulated by the 

one -dimensional spatial modulator. Thereby, for example, 
the stereoscopic images may be displayed with only horizontal 
parallax of the stereoscopic images to be displayed by the 
renunciation of vertical parallax. By displaying of the 
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stereoscopic images with one directional parallax in such a 
way, the increase of a necessary amoimt of information may 
be suppressed/ and an amount of information and a processing 
time/ both necessary for displaying stereoscopic images, may 
5 be decreased to a practical level. 

Even when the stereoscopic images are displayed with 
only horizontal parallax as described above, stereoscopic 
effects may fully be expressed because two human eyes are 
10 arrayed in a horizontal direction and more insensitive to 
vertical parallax than horizontal parallax. 

In the stereoscopic image display apparatus according 
to the present embodiment, the scan unit may scan the light 

15 modulated by the one -dimensional spatial modulator in a 
direction perpendicular to the arraying direction of the 
elements of the one -dimensional spatial modulator . 
Accordingly, a larger stereoscopic image may be displayed and 
a wider viewing field may be ensured because the 

20 one-dimensional spatial modulator with the individually 
driven elements may be operated in a sufficiently fast speed. 

According to another embodiment of the present 
invention, there is provided a stereoscopic image display 
25 apparatus comprising: a light source radiating light of a 
wavelength in a predetermined wavelength range; a Grating 
liight Valve device that can independently drive each 
ribbon- like element to generate an arbitrary phase 
distribution of the light; a collimator lens making the light 
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modulated by the Grating Light Valve device into parallel ray ; 
a scan unit scanning the parallel ray from the collimator 
lens; a lens performing Fourier transformation on the scanned 
ray; and a diffuser panel diffxising the ray Fourier 
5 transformed by the lens. 

According to the above mentioned embodiment of the 
present invention, the stereoscopic image display apparatus 
capable of displaying stereoscopic images at a higher speed 

10 may be realized at a lower cost with a simpler structure. 
Moreover, according to the above mentioned embodiment, an 
amount of information and a processing time, both being 
necessary for displaying a stereoscopic image, may be 
decreased thereby enabling the moving picture display of 

15 stereoscopic images in real time - 

BRIEF DESCEXPTXON OF THE DRAWINGS 

The other objects, features, and advantages of the 
present invention will become more apparent from the 
20 following description including exemplary embodiments of the 
invention in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a schematic showing incident light waves 
approaching the GVL of a spatial modulator of the present 
25 invention; 

Pig. 2 is a schematic showing light: waves after being 
modulated by the GLV of the spatial modulator of the present 
invention; 

Fig, 3 is a schematic perspective illustrating the 
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scanning of the light modulated by the GLV; 

Fig- 4 is a schematic perspective of the stereoscopic 
image display apparatus according to the present invention; 

Fig, 5 is a schematic of the stereoscopic image display 
5 apparatus shown in Fig. 4 from another perspective; 

Pig. 6 is a schematic showing an example of scanning 
directions of the laser beams in a projection plane on which 
stereoscopic images are projected by the display apparatus; 

Fig* 7 is a schematic showing another example scanning 
10 directions of the laser beams in a projection plane on which 
stereoscopic images are projected by the display apparatus; 

Fig. 8 is a block diagram showing a control circuit 
provided in the display apparatus; and 

Fig. 9 is a schematic perspective of a display apparatus 
15 having a scan mechanism including a mirror array. 

DSTAXIiED DESCRIPTION OF TEE INVENTION 

Hereinafter, the attached drawings are referred to 
while embodiments of the stereoscopic image display apparatus 
20 according to the present invention are described. 

One of the features of a first embodiment of the present 
invention is to use a micro-machine t:ype one -dimensional 
spatial modulator as a spatial modulator for modulating light 
25 to be projected. Specifically, as such a spatial modulator, 
a micro-machine type diffraction grating may be used. The 
micro-machine type diffraction grating is generally called 
as a Grating Light Valve (GLV) when used as a spatial 
modulator . 

8 
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A GLV cotT^riseg a plurality of minute ribbons formed 
on a substrate. The ribbons may be fabricated with various 
semiconductor manufacturing techniques. Bach ribbon is 
configured to be able to arbitrarily ascend and descend in 
5 response to actuation from a piezoelectric device or the like . 
The GLV with such ribbon structure may be operated to 
dynamically drive each ribbon to vary its height while light 
with a predetermined wavelength range is irradiated thereto, 
thereby constituting a phase type diffraction grating as a 
10 whole. That is, the GLV generates the ±1°^ order {or higher 
order) diffracted light from the incident irradiant light 
received - 

Accordingly, an image maybe displayed by the following 
15 operations: irradiation of light to the GLV; shielding of the 
0^*^ order diffracted light; and driving each ribbon of the 
GLV upward and downward so as to have the diffracted light 
blink. 

Various display apparatuses for displaying planar 
images (two-dimensional images) by utilizing the aforesaid 
characteristics of a GLV have hitherto been introduced . When 
a conventional display apparatus displays a constituent unit 
(hereinafter referred to as a pixel) of a planar image to be 
displayed, about six ribbons are used for displaying the pixel . 
Furthermore, in a group of ribbons corresponding to one pixel, 
adjacent ribbons are made to ascend or descend. 

However, if each ribbon in a GLV is independently wired 
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to be driven separately, an arbitrary one-dimensional phase 
distribution may be generated. The GLV structured in such 
a way may be regarded as a reflection type one -dimensional 
phase type hologram. 

5 

In the present embodiment, the GLV structured as a 
reflection type one -dimensional phase type hologram in the 
aforesaid way is used as the micromachine type 
one -dimensional spatial modulator. That is, for example, as 

10 shown in Fig. 1, an arbitrary phase distribution has been 
generated in advance by the independent driving of each ribbon 
11 of a GLV 10- When light with a predetermined wavelength 
range the phase of which is aligned enters into the GLV 10 
from the direction indicated by an arrow in Pig. 1, the 

15 incident light is modulated and reflected. Then, as shown 
in Fig. 2, an arbitrary one -dimensional wavefront may be 
formed. 

In the case where a stereoscopic image is displayed by 
2 0 the use of the GLV in which a plurality of ribbons are 

one-dimensionally arrayed, each ribbon of the GLV is driven 
as follows: the Fourier transformation of a function a(x) : 
A(X) = H(X)exp is calculated when an amplitude of the 
one -dimensional wavefront generated by the GLV is expressed 
25 by the a (x) as a function in anx-direction and then each ribbon 
of the GLV is driven in such a way that a phase difference 
corresponding to the phase component <p(X) is given to the 
reflected light. 



10 
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In order to be more precise, it is desirable to modulate 
the amplitude component H(X) as well. Accordingly, a more 
accurate three-dimensional display may be realized. 
Incidentally, the display apparatus may still be able to 
5 display a stereoscopic image with sufficient stereoscopic 
effects even if the amplitude component H(X) is set to be 
constant * 

When the ribbon in the GLV descends by a depth Y from 
10 its default position, a change of 2^ is generated in the 
optical path length for the reflected light- Accordingly, 
the phase difference generated by this change is 4nW/X where 
K designates the wavelength of the light. 

15 Because analog modulation of the GLV is possible, a 

desired phase difference may be given to the reflection light 
by precise analog driving of the GLV. However / when a display 
apparatus has such a GLV, it is practical to use a discrete 
calculation method such as the fast Fourier transformation, 

20 Accordingly, it is practical to discretely drive each ribbon 
of the GLV based on a digital signal thereby easily allowing 
for various types of signal processing. 

Another embodiment in accordance with the present 
25 invention is characterized by displaying stereoscopic images 
by the use of, for example, a technique shown in Fig, 3 on 
the basis of the aforesaid principle. As shown in Fig. 3, 
a GLV 20 in which a plurality of ribbons are one-dimensionally 
arrayed generates one one -dimensional wavefront after 
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another. The generated wavefronts are scanned in a vertical 
direction by a scan mechanism comprising, for example, a 
galvano -mirror 21. That is, by rotating the gal vano -mirror 
21 in a direction shown by an arrow A in Fig, 3, a plurality 
5 of wavefronts 22a, 22b, 22c are radiated in such a way that 
they are arranged in the vertical direction. Thereby, a 
stereoscopic image may be displayed. It is desirable to 
provide a one -dimensional diffuser panel 23 in the vicinity 
of the stereoscopic image to be displayed. By the diffuser 

10 panel 23, a vertical visual field may be enlarged slightly, 
and discontinuities between the wavefronts 22a, 22b, 22c are 
made to be inconspicuous. Accordingly, more natural 
stereoscopic effects may be expressed- Although horizontal 
parallax may be sufficiently achieved by the technique shown 

15 in Fig. 3, it is difficult to also obtain vertical parallax. 
This difficulty is addressed in the following. 

When a display apparatus includes a diffraction grating 
such as a GLV or a hologram, the relations expressed by the 

20 following Equation l and Equation 2 are satisfied, where the 
maximum spatial frequency of the diffraction grating, the 
shortest period of the grating, a reproduced wavelength, and 
a diffraction angle (the diffraction angle influences the 
extent of a visual field) are respectively designated by fn, 

25 A, X, and 0. 

fh = 1/A ... (Equation 1) 
fhA = sin© ... (Equation 2) 
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According to the sampling theorem, the minimum sampling 
frequency fa may be expressed by the following Equation 3 , 

fs « 2fh (Equation 3) 

5 

Accordingly, a sample number N necessary for 
reproducing a one -dimensional stereoscopic image having a 
horizontal length d may be expressed by the following 
Equation 4- 

10 

N = d-fs = (2d-sin0)/A ... (Equation 4) 

Moreover, when the vertical resolution of the display 
apparatus is designated by L, the total number of the 
15 samples constituting one stereoscopic image may be expressed 
by the following Equation 5 in the case where the stereoscopic 
image is displayed by the technique shown in Fig. 3, namely 
when L pieces of the one -dimensional type diffraction 
gratings are vertically arranged. 

20 

Nh = dL-fs = (2dii*sin8)A ... (Equation 5) 

In order to secure the vertical parallax, a total number 
NftvOf the san^les necessary for constituting one stereoscopic 
25 image may be expressed by the following Equation 6 where the 
vertical length of the stereoscopic image is designated by 
w. 

Nhv = (2dwsin'e) « (Equation 6) 

13 
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As can be seen by comparing Equation 5 and Equation 6, 
a required amount of information (the number of samples) 
remarkably increases when achievement of both horizontal and 
5 vertical parallax are secured, compared to when only 
horizontal parallax is secured. For example, when the 
diffraction angle 6 is 30 degrees and the reproduced 
wavelength A is 0.5 jim, the total number NhvOf required sanqples 
is 2dw X lo" according to Equation 6. Further, when the 

10 horizontal length d and vertical length w of a stereoscopic 
image to be displayed are 100 mm, the total number Nhv of 
sanples necessary for displaying one stereoscopic image is 
2 X 10^°- That is, 20 Gbits (gigabits) of information becomes 
necessary to display a single stereoscopic image. Moreover, 

15 for exan^le, if 30 stereoscopic images are to be displayed 
every second for displaying moving picture images, 600 G bits 
(75 G bytes) of information becomes necessary every second. 

Incidentally, 600 G bits of information is the same 
20 amount of information recjuired when the moving pictures are 
displayed using monochromatic and no-gradation images- If 
a color display with the three primary colors is desired, 
the amount of information required is tripled. If eight 
levels of gradation are to be used, eight times the amount 
25 of information is required- Furthermore, if displaying is 
performed on a 12 -inch display apparatus, seven times the 
amount of information or more is further needed. Signal 
processing dealing with such an enormous amount of 
information at a high speed is far from being put to practical 

14 
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use by conventional methods. 

According to the present invention, using the technique 
shovm in Pig* 3, a stereoscopic image is displayed only by 
5 the horizontal parallax thereof , with the vertical parallax 
thereof being relinquished- in this case, similar to that 
described above, for example, when the diffraction angle © 
is set to be 30 degrees and the reproduced wavelength \ is 
set to be 0.5 )im, the total number Nhv of the required samples 

10 is 2dL X 10^ in accord with Equation 5. If the horizontal 
length d and the vertical length w of a stereoscopic image 
to be displayed are 100 mm and the vertical resolution L is 
set to be 1000, the total number Nh of the samples necessary 
for displaying one piece of stereoscopic image is 2 x lo®. 

15 This amount of information is l/lOO^** of the aforesaid total 
sample number Nhv {i*e-, 2 xio^*) . According to the present 
embodiment, using the technique shown in Fig, 3, it is 
possible to decrease the amount of information and processing 
time necessary for displaying a stereoscopic image at a 

20 practical level. Also, because two human eyes exist in a 
horizontal line, human eyes are less sensitive to vertical 
parallax than to horizontal parallax. Thus, stereoscopic 
effects may fully be expressed in the case where a 
stereoscopic image is displayed by the use of the technique 

25 shown in Fig. 3, with its vertical parallax being 
relinquished . 

Next, according to another embodiment of the 
present invention, a display apparatus 30 shown in Pig, 

15 
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4 is provided for displaying a stereoscopic image. The 
display apparatus 3 0 displays stereoscopic images by 
scanning and projecting light modulated by a 
micromachine type one- dimensional gpatial modulator. 
5 The display apparatus 30 comprises a first laser 

oscillator 31a, a second laser oscillator 31b, and a 
third laser oscillator 31c that respectively emits a 
laser beam in the wavelength range of red, green and blue. 
Other types of coherent light sources such as solid state 

10 laser device may be employed in place o£ the laser 
oscillators- The display apparatus 30 further 
coii:5>riseB a GLV 32 for modiilating the laser beams emitted 
from the laser oscillators 31a, 31b, 31c so as to form 
one-dimensional wavef ronts wr, wg, Wb with desired phase 

15 distributions. 

The GLV 32 is provided with three ribbon arrays 
32a, 32b, 32c respectively formed from a plurality of 
minute ribbons that are one-dimensionally arrayed (in 

20 a straight line) , In the GLV 32, each ribbon 32a, 32b, 
32c is structured to be able to ascend and descend 
independently and arbitrarily by use of a piezoelectric 
device or the like. The ribbons 32a, 32b, 32g in the 
GLV 32 are independently driven by a control circuit that 

25 will be described later. Each ribbon array 32ay 32b, 
32c of the GLV 32 is irradiated by a red laser beam, a 
green laser beam, or a blue laser beam that is 
respectively radiated from the first, the second, or the 
third laser oscillators 31a, 31b, 31c. That is, in the 

16 
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GLV 22, a ribbon array 32a for red, a ribbon array 32b 
for green, and a ribbon array 32c for blue are formed, 
and the red lager beam, the green laser beam, and the 
blue laser beam are selectively radiated. Then, the GLV 
5 32 one-dimensionally modulates and reflects each laser 
beam to generate an arbitrary wavefront for each color: 
a red wavefront Wr, a green wavefront Wg, and a blue 
wavefront Wb shown in Fig* 4, Because the color 
wavefronts Wr, Wg, Wb travel through substantially the 
10 same optical path, they are collectively referred to as 
a laser beam in the following sections of the present 
specif ication. 

Moreover, the display apparatus 3 0 comprises a 
15 collimator lens 33, a first galvano -mirror 34, a second 
galvano -mirror 35, a Fourier transformation lens 36, and a 
one-dimensional diff user panel 3 7, arranged in this order on 
an optical path of the laser beams reflected by the GLV 32. 
The collimator lens 33 allows the laser beams reflected by 
20 the GLV 32 to pass through to form parallel rays . The parallel 
rays leaving the collimator lens 33 are then incident on the 
first galvano-mirror 34. The first galvano-mirror 34 
reflects the incident laser beams to make them incident on 
the second galvano-mirror 35. The second galvano-mirror 35 
25 reflects the incident laser beams to make them incident on 
the Fourier transformation leias 36. 

Rotations of the first and the second galvEuio-mirrors 
34, 35 are controlled by a control circuit that will be 

17 
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described later. Assuming an xyz coordinate system as shown 
in Fig, S, the first galvano- mirror 34 is controlled to rotate 
about the z-axis, and the second galvano-mirror 3 5 is 
controlled to rotate about the x-axis. That isr the first 
5 and tlie second galvano-mirrors 34, 35 have rotation axes 
orthogonal to each other, and they are driven to rotate about 
respective rotation axes under the control of the control 
circuit* 

10 Fig. 6 shows the scanning directions of the laser beams 

in a projection plane on which stereoscopic images are 
projected by the display apparatus 30. In the figure, the 
transverse direction is assumed as the horisontal direct ion^ 
and the longitudinal direction is assumed as the vertical 

15 direction. That is, in the display apparatus 30, the first 
and the second galvano-mirrors 34, 35 are driven to rotate 
by the control circuit and, thereby, can scan the incident 
laser beams in the horizontal direction and the vertical 
direction , respectively , 

20 

Because the laser beams modulated by the GLV 32 have 
one- dimensional wavefronts, stereoscopic images may be 
displayed by scanning the laser beams only with the second 
galvano-mirror 35 in the direction perpendicular to the laser 
25 beam wavefronts (i.e. , in the vertical direction in Fig. 6) , 
without using Che first galvano-mirror 34 . In this case, the 
horizontal length of the stereoscopic image to be displayed 
is restricted by the length of the ribbon arrays 32a, 32b, 
32c formed on the GLV 32. 
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When a GLV capable of displaying 1024 pixels is 
used as the GLV 32 in the display apparatus 30, there 
are 6,144 ribbons in each ribbon array 32a, 32b, 32c in 
5 the GLV 32 (where six ribbons are included in one pixel) , 
When it is assumed that an interval distance between two 
neighboring ribbons is 5 pm, the horizontal length of 
a stereoscopic image capable of being projected by the 
display apparatus 30 is about 30 mm unless a magnifying 

10 lens is used. Accordingly, it is necessary to increase 
the number of ribbons of the GLV 32 in order to widen 
the horizontal length of the stereoscopic image. 
However, the yield of manufacturing is decreased and the 
manufacturing cost increased when the device area of the 

15 GLV 32 is enlarged. 

When, in the display apparatus 30, the laser beams 
are scanned by the first and the second galvano-mirrors 
34,35 in the horizontal direction and in the vertical 
20 direction, the laser beams are, so to speak, 
two-dimensionally scanned. Accordingly, the 
horizontal length of the stereoscopic image to be 
displayed may be enlarged without depending on the 
length of the ribbon arrays 32a, 32b, 32c formed on the 

25 GLV 32. 

\- 

When the operation frequencies of the first and 
the second galvano- mirrors 34, 35 are 1 MHz, 200 lines 
may be scanned by the first galvano-mirror 34 in the 

Id 
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horizontal direction even if 5, 000 lines are scanned by 
the second galvano-mirror 35 in the vertical direction. 
Accordingly, when the GLV 32 on which 6,144 ribbons are 
formed with intervals of 5 ym between each other is used, 
5 the horizontal length of the stereoscopic image to be 
displayed may be enlarged up to 6 m. 

Because the amount of information to be processed 
naturally increases considerably for the displaying of 

10 a stereoscopic image in a large size as described, the 
realizable image size is limited depending on the 
performance of signal processing. The display 
apparatus 30 according to the present embodiment is 
capable of displaying a stereoscopic image in the 

15 aforesaid size. By improving signal processing 
capability by, for example, utilizing a parallel 
processing technique of a high performance computer 
apparatus, an extra-large three-dimensional image may 
also be displayed. 

20 

It is difficult to scan the laser beams precisely 
in the horizontal direction and in the vertical 
direction as shown in Fig. 6 because the first and the 
second galvano- mirrors 34, 35 are driven to rotate 
25 continuously in the present embodiment . Alternatively, 
by changing the scanning speeds of the first and the 
second galvano -mirrors 34, 35 in the display apparatus 
30, laser beams may be scanned obliquely/ as shown in 
Fig. 7. More specif ically, for example, the laser beam 
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may be scanned six times in the vertical direction by ' 
the second galvano-mirror 35 while the laser beam has 
been scanned once in the horizontal direction by the 
first 9alvano-mirror 34. However, because the 
5 one- dimensional ly modulated laser beam is shifted in the 
horizontal direction while the laser beam is scanned in 
the vertical directions in this case, an amoxint of such 
shifting should be taken into consideration for driving 
the ribbon arrays 32a, 32b, 32c of the GLV 32. 

10 

In the display apparatus 30, by the aforesaid 
operation of the first and the second gal vano -mirrors 
34, 35, the laser beams are scanned in the horizontal 
direction and the vertical direction. Then, the 

15 scanned laser beams are incident on the Fourier 

transformation lens 36. Other types of lens may be 
employed in place of the Fourier transformation lens 36 
as long as such lens can perform Fourier transformation 
on the desired light . the Fourier transformation lens 

20 36 alters the laser beams passing through it according 
to the Fourier transformation. Then, the transformed 
laser beams are incident on the one -dimensional dif fuser 
panel 37. 

2 5 The one -dimensional dif fuser panel 37 is disposed on 

a Fourier surface of the Fourier transformation lens 3 6 and 
diffuses the laser beams passing through it one-dimensionally. 
Because the display apparatus 30 is provided with the 
one-dimensional dif fuser panel 37, a slightly enlarged visual 
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field is obtainable in the vertical direction, which can make 
the discontinuities between the wavef rents of the laser beams 
scanned in the vertical directions inconspicuous, thereby 
realizing more natural stereoscopic effects , After passing 
5 through the one -dimensional diffuser panel 37, the laser 
beams are projected on a projection plane and a stereoscopic 
image G having horizontal parallax is displayed, as shown in 
Fig. 4. 

1C> The display apparatus 30 comprises a control circuit 

40, as shown in Fig. 8. The control circuit 40 includes, for 
example, various semiconductor devices. The information 
(hereinafter referred to as display image data) concerning 
stereoscopic images to be displayed is input into the control 

15 circuit 40 . The information may be from an apparatus located 
outside the display apparatus 30. The control circuit 4 0 
controls the GLV 32 according to the input display image data 
to drive the plural ribbons formed on the GLV 32 separately,' 
Moreover, the control circuit 40 controls the rotation speeds 

20 and the rotation timings of the first and the second 
galvano-mirrors 34, 35. 

The control circuit 40 can comprise, for example 
a clock generator 41, a Fourier transformation section 
25 42, a GLV driving section 43, and a galvano-mirror 

driving section 44. The clock generator 41 generates 
a clock signal for referencing the operation timing of 
the control circuit 40 and the whole operation timing 
of the display apparatus 30. The clock generator 41 

22 
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outputs the generated clock signal to the GLV driving 
section 43 and the galvano- mirror driving section 44 . 
The signal level of the clock signal can be set to change 
in a predetermined manner . Each section of the control 
5 circuit 40 performs various kinds of processing at the 
timing of the signal level change of the clock signal . 



The Fourier transformation section 42 receives display 
image data from an external apparatus, and performs the 
10 Fourier transfozmation processing of the display image data* 
Then, the Fourier transformation section 42 outputs the data 
after performing the Fourier transformation processing to the 
GLV driving section 43 , 



15 The GLV driving section 43 operates at a timing based 

on the clock signal input from the clock generator 41, and 
controls the GLV 32 in accordance with the data input from 
the Fourier transformation section 42. That is, the GLV 
driving section 43 drives each ribbon formed on the GLV 32 

20 to ascend or to descend, and sets each ribbon array 32a, 32b, 
32c of the GLV 32 at a desired position that corresponds to 
a phase distribution in accordance with the input data. 



The galvano-mirror driving section 44 controls the 
25 rotations of the first and the second galvano-mirror 34 

according to the timing based on the clock signal input from 
the clock generator 41. 



That is, by the operation of the GLV driving section 



23 



PAa 37ttr RCVD AT 9/1412005 7:55:21 PM [Eastern ItayfigM r^^^ 



S8P-14-05 07:02pin Frora-Sonnenschein Nath & Rosenthal 314 259 5959 T-t71 P. 038/041 F- 



43 and the galvano- mirror driving section 44 according to the 
clock signal, the control circuit 40 causes the GLV 32 and 
the first and the second galvano -mirrors 34, 35 to operate 
at suitable timings in cooperation with each other. When the 
5 laser beams are scanned under the control of the control 
circuit 40, a stereoscopic image is displayed in the display 
apparatus 30, as shown in Fig. 6 or Fig» 7, 

The display apparatus 30 structured in such a way uses 
10 a micromachine type one-dimensional spatial modulator, i.e. 
the GLV 32, as a spatial modulator for modulating light to 
be projected. Because the GLV 32 can be operated at an 
extremely high speed, an abvmdant amount of information may 
be used to display the stereoscopic image . Moreover, because 
15 the display apparatus 30 displays the stereoscopic image with 
the light modulated by the GLV 32, the overall structure of 
the apparatus may be simplified, and the manufacturing cost 
thereof may be lowered. Moreover, stereoscopic effects may 
be expressed without using special equipment such as 
20 dedicated glasses for viewing a stereoscopic image. 

Moreover, the display apparatus 30 modulates the laser 
beams with the GLV 32 having a function of a one-dimensional 
spatial modulator and projects the modulated laser beams 
25 while scanning them to predetermined directions. Thereby, 
the display apparatus 30 displays the stereoscopic image. 
That is, the display apparatus 3 0 relinquishes the vertical 
parallax in the stereoscopic image to be displayed and 
displays the stereoscopic image only with its horizontal 

24 
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parallax, since the display apparatus 30 displays the 
stereoscopic image by utilizing only the horizontal parallax, 
the display apparatus 30 may suppress the increase of the 
amount of information necessary for displaying the 
5 stereoscopic image. Thereby, it becomes possible to 
decrease the amount of information and processing time 
necessary for displaying the stereoscopic image. 

In the above description, the display apparatus 30 
scans the laser beams in the horizontal direction and in the 
vertical direction using the first and the second 
galvano-mirrors 34, 35. In this way, the display apparatus 
30 functions/ so to speak, as a scan mechanism for scanning 
the laser beams. 

The display apparatus 30 is not limited to being 
equipped with the scan mechanism structured as described. 
Any scan mechanism structured to scan and project laser beams 
in predetermined directions may be used. More specif ically, 
for example, the scan mechanism may be structured by the use 
of a two-axis galvano-mirror having rotational axes 
orthogonal to each other and able to be driven 
two - dimens iona lly . 

25 Moreover/ as another type of the scan mechanism, a 

mirror array 50 , as shown in Fig . 9 , may be used . In the mirror 
array SO, surfaces on which the laser beams are incident upon 
are formed in a multistage shape. The reflection angle of 
each stage mirror is formed to differ from each other slightly, 

25 
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Then, by the use of the mirror array 50 in combination with, 
for exarrple, the first gal vano -mirror 34, the scanning with 
the scan mechanism is accomplished. In this case, for example, 
by rotating the galvano-mirror 34 about the horizontal axis, 
5 the laser beams are scanned in the direction of an arrow A 
(i ,e, , in the vertical direction) . Then, the laser beams are 
incident on the reflection surfaces of the mirror array 50 
and scanned in the direction of an arrow B in Fig. 9, namely 
the direction of a combination of the vertical direction and 
10 the horizontal direction, on a projection plane 51, 

Moreover, in the display apparatus 30, the scan 
mechanism may be structured by the combination of, for example, 
a polygon mirror and a volume type hologram. Alternatively, 
13 the display apparatus may be structured to scan the laser 
beams by the rotation of the GLV 32 itself utilizing a rotation 
mechanism such as a stepping motor. 

Although the invention has been described in its 
20 preferred forms with a certain degree of particularity, 

changes, variations, and combinations of the embodiments are 
possible therein- It is therefore to be xmderstood that the 
present invention may be practiced other than as specifically 
described herein without departing from the scope of the 
25 invention. 
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